Abstract. We investigate the independent quasiparticle (QP) picture for superdeformed nuclei of the mass-190 region, which is expected to lead to additivity in certain physical quantities. Obvious deviations from additivity are found from both projected shell model calculations and experimental data. The cause of the deviation can be decomposed and identified through this model. Our study suggests that the independent QP picture may not be fully appropriate for this mass region.
The simple independent quasiparticle (QP) picture leads to additivity of single-particle motion and is often a useful initial model of nuclear structure. However, it has been known for some time that additivity of QPs often fails for normally deformed nuclei. Since additivity implies that residual interactions among QP orbitals are negligible, a study of additivity and its violation can provide important information concerning the nature of residual interactions among QPs and between QPs and the core in realistic nuclei.
One might expect that additivity should hold better for superdeformed (SD) bands because of larger and more stable deformation and weaker pairing. As an example, the independent QP picture for superdeformed nuclei of the mass-190 region [1] has been investigated. The quantity chosen to test the additivity is the relative spin, i ω = I ω (band) − I ω (reference). In this paper, the relative spins for specific bands are constructed; the νj 15/2 band in 191 Hg, π i 13/2 signature partner in 191 Tl and that of πi 13/2 νj 15/2 in 192 Tl. We can check the validity of the additivity by comparing the sum of relative spins from bands in two odd-A nuclei with the corresponding one from the odd-odd nucleus.
It has been shown that the projected shell model (PSM) can nicely describe SD bands of the mass 190 nuclei [2] , especially the spin-E γ relation. Therefore it is natural to calculate all the relevant bands mentioned above and check the validity of the additivity. It is found, as shown on figure 1, that there are obvious deviations from additivity. Figure 2 shows the same relative spins from the experimental data; deviations exist here as well. It is reasonable then to say that the PSM incorporates the same physics that produces deviations from additivity in the data. Hence, one can investigate the reason which causes the deviation through this model. Such deviations indicate the presence of strong residual interactions, and thus a failure of the simple independent QP picture. For the cases discussed, these residual interactions may be approximately decomposed into the QP-core interaction and an additional p-n interaction between the last proton and neutron in odd-odd nuclei.
First, in PSM, let us try to minimize the residual interaction between the last few QPs and the core. That is, we use 1-QP for odd-A, 2-QP for odd-odd, and 0-QP for the core. This procedure eliminates the admixture of higher multi-QP states, thus effectively reducing the polarization effect. Furthermore, we shift the Fermi levels of the core in such a way that they lie in the appropriate positions for the neighbouring odd-A and odd-odd nuclei. Consequently, the new core contains the vacuum state only and reflects the QP occupations of the corresponding odd-A or odd-odd nuclei. We term this new core the own core of an odd-A or odd-odd nucleus. Subtracting the own core correspondingly, the 'pure' 1-QP and 2-QP states for an odd-A and an odd-odd nucleus are constructed, respectively. The additivity among these 'pure' 1-and 2-QP bands is improved but with still some deviation remaining. Secondly, the extra p-n interaction between the last proton and last neutron in odd-odd nuclei is removed in the model calculation; then, additivity is almost totally restored, as shown in figure 3 . This success suggests that our understanding of the reasons for the deviation from additivity in the cases discussed is correct. Although the particular decomposition of the residual interaction that we have employed here is model dependent, we may expect that the general conclusions that we have reached concerning additivity in this mass region will hold independently of this choice.
